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Chronic cocaine abuse nay load to aignifleant altarationa in bahavlor and 
wood including, in aona casts, a paranoid schisophranic-lika syndroms.
Both amphatamina and "endogenous" psychoaaa ara bslisvsd to ba duo to 
incraasad activity in mssolimbic and masocortical A10 dopanina (DA) 
systems. Such hyparactlvity can raault from a dacraasad sansitivity of DA 
autoracaptors which normally function to ragulata tha activity of A10 DA 
neurons. To datarmins whathar chronic cocaina administration would causa 
a dacraasad sansitivity of DA autoracaptors on A10 DA naurons, 
axtracallular aingla unit recording and microiontophoretic techniques ware 
employed in tha praaant studies. In rats given once daily or twice daily 
intraparitonaal (i.p.) injections of 10 mg/kg cocaina, A10 DA naurons wars 
significantly lass sensitive to tha rata-suppressant effects of low 
intravenous (i.v.) doses of tha DA agonist apomorphine (APO). These 
results ware not due to an acuta affect of cocaina since a single i.p. 
injection of 10 mg/kg cocaina 12*24 hours prior to tasting failed to altar 
sansitivity to i.v. APO. The group receiving twice daily i.p. injections 
of 5 mg/kg cocaina showed no difference in sansitivity as compared to 
controls. Following a 4 day abstinence period, tha rats that had received 
twice daily i.p. injections of 10 mg/kg cocaina retained tha 
subsensitivity to i.v. APO at lower doses, but not at higher doses.
These results indicate that chronic cocaina treatment decreased tha 
sansitivity of A10 DA naurons to tha DA agonist APO. In support of tha 
hypothesis that somatodendritic A10 DA autoreceptor subsensitivity was 
responsible for this effect, it was found that the ability of 
mlcrolontophoretlcally applied DA to suppress A10 DA neuronal firing was
i i i
significantly reduced by chronic cocains (2x10) administration. In 
contrast» iontophoretic GABA was squally affactiva at inhibiting tha A10 
DA calls in both groups. Chronic cocaina treatment (2x10) also increased 
tha number of spontaneously active A10 DA cells and their mean basal 
firing rata. It is suggested that chronic cocaine treatment decreases the 
autoregulatory ability of A10 DA neurons resulting in significant 
increases in DA neurotransmission which may be related to cocaine1s 
ability to produce a schisophrenic*like psychosis*
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iIn recent years, cocaine abuse has become a major social and medical 
problem in the United States. Once considered a "rich man's drug", 
cocaine use is now prevalent in all social and economic classes. At last 
report* It was estimated that at least 22 million Americans have tried 
cocaine and a fourth of these individuals have continued to use it 
compulsively (NIDA, 1982). Although many sociological and psychological 
factors have contributed to the rise in cocaine's popularity* the 
compulsive use of the drug is probably indicative of cocaine's potent 
rewarding properties (Adams and Durell, 1984). Discontinuation of use in 
cocaine abusers does not cause the overt physical withdrawal syndrome 
(sweating* increased perspiration* increased respiration and heart rate, 
delirium tremors* etc.) characteristic of other "addicting" drugs such as 
heroin or alcohol. However* psychological withdrawal* often expressed as 
cravings and severe depression* can be devestatlng and may* in actuality* 
be a physical manifestation of cocaine's effect in the central nervous 
system (CHS).
In spite of its heavy use* little is known about the mechanism of 
action of cocaine within the brain. Classified as a psychomotor 
stimulant, cocaine in low to moderate doses induces an intense euphoria. 
At higher doses* psychotic behavior is often manifested in the form of 
paranoia and hallucinations. These psychological effects of cocaine are 
thought to result from alterations in the functioning of the major 
monoamine neurotransmitter systems within the CHS* specifically* the 
indoleamine serotonin (5-hydroxydopamlne* 5-HT) and the catecholamines* 
norepinephrine (M) and dopamine (DA). It is well established that 
cocaine blocks the reuptake mechanism for all of these amines (Longer and
2Enero, 1974} Iversen, 1966; Pradhan et al» 1978; Ross and Rsnyi» 1967, 
1969$ Taylor and Ho, 1977). This reuptake mschanism is tha major maans by 
which tha monoamines are inactivated following their release. Thus, under 
normal conditions, whan an electrical impulse invades the axon terminal, 
it results in a calcium dependant release of tha naurotransmittar into tha 
synapse. Tha naurotransmittar traverses tha synaptic gap to activate 
specific receptors on tha postsynaptic neurons. This chemical transmitter 
must be terminated$ in monoamine systems, this is accomplished by an 
active reuptake pump which "pulls*1 the transmitter back into the 
presynaptic terminal. Cocaine is thought to block this reuptake 
mechanism, thereby prolonging the synaptic availability of monoamines and 
enhancing neurotransmission. Cocaine also exerts local anesthetic 
effects, presumably by blocking sodium "gates" involved in the conduction 
of nerve Impulses along neuronal membranes (Ritchie and Greene, 1980).
The major question still existing regarding the pharmacological aspects of 
cocaine is which of these actions is responsible for the various 
behavioral effects. For present purposes, determining the systems and 
machanlsms most relevant to the rewarding effects of cocaine is of most 
interest since this effect is closely involved in the compulsive use of 
the drug.
Rward Prop.rU.. of Coc.ln.
The intense euphoria produced by cocaine acts as a positive 
reinforcer to increase the probability of continued use. This intense 
reward has been identified most prscissly in animal studies in whisk rats 
or monkeys self-administer cocaine by emitting an operant response (bar-
3press) to obtain injection* of the drug (for review, see Wise, 1984).
When given a two choice operant procedure in which responaea are followed 
by either food or cocaine, monkeys have been obaerved to reapond almost 
exclusively for cocaine, apparently ignoring normal aignala of hunger to 
the point of death (Aigner and Balater, 1978). The rapidity and intenaity 
of the euphoric effect auggeat that cocaine ia activating endogenoua 
reward centera or pathwaya in the brain.
Such reward pathwaya were initially believed to be mediated by NE- 
containing neuronal ayatema. Thia waa baaed primarily upon electrical 
self-stimulation atudiea in which animals reapond for rewarding brain 
stimulation (Olds and Milner, 1954). In such studies, areas in close 
anatomical relation to NI pathways were shown to support self-stimulation 
(Stein, 1962). Additional support for NE-mediated reward came from early 
pharmacological evidence. It was found that nonspecific catecholamine 
(CA) receptor blockers such as chlorpromasine or ensyme inhibitors such as 
alpha-methyl-para-tyroslne (which blocks tyrosine hydroxylase, the rate- 
limiting step in CA synthesis) blocked the rewarding effects of central 
stimulants (Davis and Smith, 1972, 1973). This belief has subsequently 
been refuted by the use of more specific pharmacologic tools. Thus, the 
selective ME antagonists phentolamine and phenoxybonsamine fail to alter 
the rewarding properties of cocaine (DeWit and Wise, 1977). In addition, 
the NS agonists methoxyamine and clonidine are not self-administered 
(atshir and Jones, 1976; Yokel and Wise, 1978).
Considerable pharmacological evidence now points to DA neuronal 
systems as primary mediators of reward processes* For instance, the 
ssleetime DA receptor antagonist pinosid* completely blocks cocaine reward
4(DeWit and Wise, 1977), while the DA specific receptor agonist apomorphins 
(APO) possesses rewarding effects (Baxter et al, 1976). In addition, 
self-administration of cocaine is attenuated by lesions of DA neurons 
produced by intracerebral injections of the CA neurotoxin 
6-hydroxydopamine (6-OHDA). Very similar results are obtained in studies 
of amphetamine (AMP) self-administration, pointing to similarities between 
the actions of these two psychomotor stimulants (Davis end Smith, 1973). 
Amphetamine (AMP)-induced euphoria in humans can also be blocked by 
selective DA receptor antagonists, thus linking the effects of central 
stimulants in animals with their effect in humans, as well as euphoria 
with self-administration (Angrist et al, 1974). Recent studies have 
focused on the different DA systems in the brain and their possible 
mediation of cocaine's rewarding effects.
Anatoay of PoMmlno Svot—
Th. ventral aeMncaphalon (aldbraln) la the origin of the three major 
DA-contalning pathways in the mammalian brains the nigrostriatal, 
mesolimbic and mesocortical systems. The DA cells forming the 
nigrostriatal pathway originate within the sons compacts of the substantia 
nigra and project to the neostriatum (caudate-putamen)• These cells are 
labelled A9 DA cells and it is known that the loss of these cells is the 
pathophysiological basis of Parkinson's Disease (Hornykiewics, 1978). The 
DA cells forming the mesolimbic and mesocortical pathways are localised in 
the ventral tegmental area, just medial to the substantia nigra, and 
project to several important forebrain limbic structures such as the 
nucleus accumbens, amygdala and the lateral septum (mesolimbic) as well as
5to the prefrontal cortex (meeocorticel). These cells are known as the A10 
DA cells. Because they innervate the limbic and cortical areas of the 
brain which are known to be involved in the control and expression of 
e«otioiialf attentions!, motivational and cognitive aspects of behavior, 
the A10 DA cells end the systems to which they give rise are thought to be 
involved in these various behaviors. Moreover! hyperactivity within these 
systems is believed by many theorists to result in schisophrenic symptoms 
(Natthysse» 1973$ Stevens, 1973).
CocalM Mid th. Pop— In. S»it—
As discussed above! there is considerable evidence that DA systems are 
Involved In cocaine*s reinforcing properties. In particular! recent 
evidence has implicated the mesolimbic and mesocortical DA systems 
originating from A10 DA cells as relevant substrates for cocaine reward. 
Thus! 6-OHDA lesions of the nucleus aecumbens disrupt cocaine self* 
administration as do lesions of the A10 cell bodies within the VTA 
(Roberts and Koob, 1982; Roberts at al, 1980). Similar lesions of the 
caudate nucleus or the A9 cell bodies do not affect cocaine self- 
adminiatration. Recent studies have also shown that rats will self* 
administer cocaine directly into the medial prefrontal cortex (Goeders and 
Smith, 1983), an area which receives a dense DA input. Similar types of 
anatomical and pharmacological evidence implicates the A9 nigrostriatal 
system in many of the stereotyped behaviors which can be caused by high 
doses of cocaine or amphetamine (Wise, 1984). In spite of these advances 
in behavioral specificity, the precise physiological alterations by which 
cocaine influences neuronal activity within these systems to alter
6behavior have not yet bean characterised. Research has begun to address 
these issues by observing altered neuronal activity within the mesollmbic 
and mesocortical A10 DA pathways following cocaine administration. Prior 
to addressing these findings, however, it is necessary to discuss the 
current status of knowledge regarding these neurons and the DA receptors 
thought to modulate their activity*
Do m b Im  R.c.ptor.
Considerable evidence has shown that at least two types of DA 
receptors exist within the central nervous system (CNS) which have been 
labelled D-l and D-2 (Creese et al, 1983$ Kababian and Caine, 1979). The 
D-l receptor is believed to be coupled to adenylate cyclase such that when 
stimulated by DA, there is an increase in 3*,5’- adenosine monophosphate 
(cyclic AMP) formation. Cyclic AMP is an Intracellular sNissenger which 
functions to regulate the permeability of ion channels within cell 
membranes. The D-2 receptor may be unlinked to the adenylate cyclase or 
may be linked in a negative manner such that receptor occupation by DA 
inhibits the formation of cyclic AMP (Maunler and Labrie, 1982$ Onali et 
al, 1981$ Stoof and Kababian, 1981). In addition to distinguishing 
between DA receptors on the basis of their biochemical function, they can 
also be classified on anatomical grounds. Thus, DA receptors are found 
presynaptically on the DA neurons themselves as well as postaynaptically 
on the neuron which receives the DA input (White and Wang, 1986). The 
presynaptlc DA receptors are called autoreceptors because they are 
sensitive to their own neurotransmitter. They have been found on the cell 
bodies and dendrites of the A9 and AID DA neurons (Groves et al, 1975$
7Wang, 1981). Pharmacologically, thasa racaptora axhiblt tha 
characteristic# of tha D-2 racaptor (White and Wang, 1984c). It has also 
bean demonstrated that thasa autoracaptors ara 3-10 times more sensitive 
than their postsynaptic D-2 counterparts both in tha A*9 system (Lehmann 
at al 1983i Skirboll at al, 1979) and in tha A10 system (White and Wang, 
1986). Thasa autoracaptors ara believed to regulate tha firing rata of 
tha DA neurons by binding with excess DA from dendrites of tha DA calls, 
thus signalling a surplus of DA in tha vicinity. Similarly, whan 
extracellular DA levels ara low, DA autoracaptors ara not stimulated and 
impulse activity increases (Aghajanian and Bunnay, 1977j White and Wang, 
1984a).
Cocalm ind Do Main. R.c.ntor.
It has recently bean reported (White, 1985) that intravenous 
administration of cocaine inhibits impulse generation in tha masolimbic 
A10 DA neurons and that this decrease in firing rate is mediated 
indirectly. That is, cocaine does not directly stimulate the 
autoreceptor. Instead, tha suppression of activity results from the 
ability of cocaine to inhibit the reuptake of DA and thereby enhance and 
prolong the actions of DA at impulse-regulating somatodendritic D-2 
autoreceptors. Further evidence for this mechanism was obtained through 
the microiontophoretie application of cocaine directly onto A10 DA neurons 
during the recording. In these experiments, it was found that 
lontophoretlc cocaine potentiated the effects of co-lontophoretic 
application of DA. The contribution of local anesthetic effects are 
believed to be negligible since procaine, which does not block reuptake
but doe* exert local anesthetic effects, was not effective at inhibiting 
the A10 DA neurons (Einhorn and White, in press).
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Chronic Coc.ln. Admlnlitf tlon
Bo c m i m  chronic administration of AMP (or cocaina) can raault in 
paranoid schisophrenic symptoms in humans, chronic AMP administration has 
become the most widely used animal model of schisophrenia (Ellinwood and 
Kilbey, 1977} Segal and Janowsky, 1978). Following treatment with chronic 
AMP, laboratory animals exhibit increases in a variety of stereotypic 
behaviors normally Induced by DA agonists such as AMP or cocaine. These 
behaviors include sniffing, licking and gnawing executed rapidly and 
repetitively. The gradual enhancement in these activities during chronic 
exposure to AMP or cocaine is known as sensitisation and has provided 
neuropharmacologists with an animal model which parallels the gradual 
manifestation of psychotic-like behaviors observed during chronic abuse of 
AMP and cocaine by humans.
One hypothesis suggested to account for the neuronal mechanism 
underlying this behavioral sensitisation is presynaptic DA autoreceptor 
subsensitivity (Martes et al, 1977j Muller and Seeman, 1979). According 
to this hypothesis, a decrease in the autoregulatory ability of DA neurons 
would lead to DA overactivity in mesolimbic Mid mesocortical systems since 
these neurons are normally under tonic inhibitory autoregulatory control. 
This hypothesis has been supported by electrophysiological investigations 
of both A9 autoreceptors (Antelman and Chiodo, 1981i Ellinwood and Kilbey, 
1977$ Kamata and Rebec, 1983) and A10 autoreceptors (White and Wang, 
1914b). lt|||)ia latter study, it was demonstrated that chronic AMP
9administration reduced the sensititivity of the A10 DA autoreceptor. This 
was determined by demonstrating a reduced ability of low doses of the DA 
agonist apomorphine to inhibit the firing of A10 DA neurons in chronic AMP 
treated rats. In addition, chronic AMP reduced the inhibitory effect of 
direct iontophoretic administration of DA onto A10 DA cells! directly 
confirming autoreceptor subsensitivity as the relevant mechanism. These 
findings suggest that the behavioral sensitisation induced by chronic AMP 
may be due to the inability of A10 DA cells to regulate their own 
activity. If such a phenomenon occurs in humans, DA autoreeeptor 
subsensitivity may be a causative factor in AMP and cocaine*induced 
psychosis and, perhaps, in endogenous schlsophrenia.
The present experiments were designed to examine the consequences of 
repeated cocaine administration on the activity of A10 DA cells in the 
memtral tegmental area of the rat brain. Specifically, the hypothesis 
being tested states that chronic cocaine administration results in a 
diminished sensitivity of impulse-regulating somatodendritic DA 
autoreceptors. Such subse'.sitivity weald be expected if chromic cocaine 
exposure inactivate! the neuronal uptaka of tha DA mechanism theraby 
resulting in overstimulation of tha DA rsceptor by increased levels of 
synaptic DA. This hypothesis was tested using a combination of slngls- 
cell recording and mieroiontophoretic techniques.
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Hsthods
Anlmali and Preparation
Male Sprague-Daviey albino rats weighing 225-325 grans ware used in 
all of tha experiments. They vara housed in groups of 2-4 par cage, givan 
food and vatar gg libitum, and maintained on a 12 hour light/dark eye la 
(7s00/19100) with constant temperature (21-23oc) and humidity (40-501).
Tha rats vara anasthaticed with chloral hydrate (400 mg/kg, l.p.) and 
mounted in a stereotaxic apparatus. Tha tail was washedf shaved and a 
lateral tail vain was cannulated (25 gauge needle) for intravenous (i.v.) 
administration of drugs and additional anesthetic (as needed). Body 
temperature was maintained at 36-380C with an electric heating pad. A 
burr hole was drilled in the skull overlying the VTA using the stereotaxic 
coordinates designated by Paxlaos Mid Watson (1912) (3.0-3.5 mm anterior 
to Lambda and 0.5-1.0 am lateral to the longitudinal suture). The dura 
was retracted and an hydraulic microdrive was used to lower the electrode 
from 6.0-0.5 am below the cortical surface, through the VTA. In all 
experiments, striet adherence to the to the Principles |g£ Ugg and 
Care g| Laboratory Jggg||g (** edopted by the American Psychological 
Association) was maintained*
To simulate chronic cocaine abuse conditions, cocaine was 
administered intraperiteneally (l.p.) for a fourteen day period to groups 
of rats (net) in the following dose regimenst two iajeetieae per day of I
sg/kg (2x5), one injection per day of 10 mg/kg (1x10), two injections per 
day of 10 mg/kg (2x10) and were tested 12*24 hours iollewlMg the last
11
injection. The control group (n*8) consisted of rats that received daily 
i.p. injections of 0.9% NaCl paralleling the 2x5 and 1x10 dose regimens 
and rats that were untreated. The acute controls received a single i.p. 
injection of 10 mg/kg cocaine 12-24 hours prior to testing* In addition, 
a separate group (n*6) received the 2x10 dose regimen and was tested four 
days after the last injection (2x10/4 off).
for i.v. experiments, extracellular neuronal signals were recorded 
through single barrel glass micropipettes which were prefilled with 
fiberglass, pulled with a vertical electrode puller, broken back under a 
microscope to achieve a tip diameter of l-lpm, end filled with 2M NaCl 
saturated with 1% Fast Green dye. The vitro impndance of these 
electrodes was 2-6 MQ measured at 135 Hs. The signal potentials were 
passed through a high impedance amplifier, filtered and displayed on an 
oscilloscope. A window discriminator and audioamplifier were also used to 
isolate single unit activity. Integrated rate histograms and interval 
histograms were obtained from the outputs of the window discriminator.
The characteristics used to identify the DA neurons are as followsi 
1.) a slow, regular firing pattern or a slow bursting pattern with 
decreased spike amplitude! 2.) a blphasic (+/*) or triphasic (+/-/+) 
waveforms 3.) relatively long (> 2.5msec) duration action potentials and a 
low pitched sound on the audiomonitor! 4.) relatively slow firing rates 
between i and 10 Hs (Bunney at al, 1973j Grace and Bunney, 1983! Wang, 
1981). These characteristics are exhibited only by DA neurons within the 
VTA as demonstrated by a variety of extracellular and intracellular
recordings in combination with anatomical, physiological and 
pharmacological techniques.
Apoaorphine Challenge
To establish a basal firing rate, each DA cell was recorded for a 3- 
5 minute interval prior to APO administration. The APO was administered 
i.v. via a cannulated tail vein at 90*100 sec intervals in doses of 5,10 
and 20 Mg/kg or until the activity of the cell was reduced 50-1002 below 
basal level. In many cases, the DA antagonist haloperidol (HAL) was 
administered (0.05-0.15 mg/kg, i.v.) to confirm DA receptor mediation of 
the agonist-induced suppression.
Microlontophof «1«
Six additional chronic cocaine rats (2x10) were tested 
microiontophoretically to measure the autoreceptor sensitivity to DA. For 
each chronic cocaine rat, a control rat was also tested using the seas 5 
barrel micropipette to insure that the observed differences in 
responsiveness between the two groups were not due to differences between 
micropipettes (Wang et al, 1979).
For microiontophoretic experiments, a 5 barrel glass pipette, 
prefilled with fiberglass was pulled and broken back under a microscope to 
an overall tip diasieter of 4-7um. The center barrel is filled with 2M 
NaCl saturated with Fast Green dye as was one of the side barrels which 
was used for automatic current balancing (Salmoiraghi and Weight, 1967). 
The remaining side barrels contained DA (0.1N, pH«4.5) or GAIA (0.01M, 
pH*4.5). Both DA and GABA were ejected as cations and a retaining current
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of -lOnA was maintained in the drug barrels to minimise passive diffusion 
of the drugs. Iontophoretic ejection, timing and current balancing were 
controlled automatically. Sensitivity to microiontophoretically ejected 
DA and GABA was determined during 60 sec ejection periods (5-120 nA) 
separated by 60-90 sec intervals.
Cell Population Analysis
During the course of the i.v. studies described above, it was observed 
that spontaneously active DA neurons were encountered more frequently than 
in control rats and appeared to be firing at higher frequencies. To 
determine whether chronic cocaine treatment altered the number of 
spontaneously active A10 DA cells per track and tht mean firing rates of 
those active cells, these measures were obtained from 5 rats receiving the 
2x10 dose regimen and were compared to 6 control rats. To count the 
number of spontaneously active cells per track, a glass mieropipette was 
prepared as for slngla unit recording and passed 12 times in the dorsal- 
ventral direction from 6.0 to 8.5mm below the cortical surface through the 
VTA. Bach electrode track was separated by 0.2 am and the sequence of 
tracks was constant between rats. The initial track in the A10 was 
located 3.0 mm anterior to Lambda and 0.4 mm lateral to the midline. This 
method allowed for accurate reproduction of the sampling procedure from 
rat to rat. In order to obtain the mean basal firing rates of these 
spontaneously active A10 DA cells, the cell was held for 3-5 minutes.
14
Hi»tolo«y
At the end of each experiment, the position of the recording location 
wee marked by passing a 25 uA negative current through the electrode 
barrel for 15 minutes to deposit a small spot of Fast Green dye* The rats 
were then perfused with a phosphate buffered formalin solution. Frosen 
serial sections (SOum thickness) were cut, stained with cresyl violet and 
counterstained with neutral red. Recording sites indicated by the dye 
spots were then verified using a light microscope.
Sftl.tlc.
The results of i.v. and mlcroiontophoretic experiments were compared 
using a two-way (groups x dose) analysis of variance (AMGVA) with repeated 
measures on one variable (dose). Subsequent planned comparisons between 
specific treatment groups and controls were conducted with Duiuiett's 
procedure. In addition, for those groups showing a significant difference 
in the ANOVA, an analysis of covariance (AMOCOV) was employed to ensure 
that any differences between the groups were not due to differences in 
basal firing rates (White and Wang, 1984a). The cell population results 
were compared with Student's £-test for independent samples.
Drums
The drugs used in this study Included cocaine HC1 (Sigma Chemical 
Co., St. Louis, MO), AFO SCI (Sigma), DA SCI (Sigma), GAIA SCI (Aldrich 
Chemical Co., Milwaukee, WI), and HAL (Janssen Pharmaceutical, Seerse, 
Belgium). Cocaine was dissolved in 0.9X NaCl. SAL was dissolved in 0.01M 
citric acid. Ail other compounds were dissolved in deionised water. AFO
15
was prepared fresh on the day of testing. All concentrations refer to the 
weights of the respective salts.
Results
A M H W h i M  Ch.ll.na.
It is well established that the DA agonist, APO, causes a dose 
dependent decrease in the activity of A10 DA neurons (Wang* 1981). At low 
doses of 5» 10 and 20 Mg/kg, APO primarily affects the autoreceptor due to 
the differential sensitivity between the pre-end postsynaptic receptors 
(Skirboll et al.» 1979; White and Wang, 1986). With chronic cocaine 
administration the APO-Induced suppression was attenuated. The doses 
causing SOX Inhibition (1D50) are given In Table 1 and Illustrate the 
shift in sensitivity to APO In the various treatment groups. Note 
that an 1D50 value for the 2x10 group could not be estimated because 3 of 
the eight cells failed to reach SOX inhibition at any dose tested (19 to 
155 Mg/kg). The ANOVA indicated that there was a significant effect of 
dose, | (2,75) • 6.45, p < .01, a significant effect of treatment group,
£ (5,42) ■ 4.77, p < .01, and a significant interaction between dose Mid 
groups, £ (10,75) - 4.51, p < .01. Dunnett's planned comparisons 
indicated that the acute control treatment (1 injection of lOmg/kg 12-24 
hours prior to testing) did not significantly alter the sensitivity to APO 
as compared to control rats» thus demonstrating that the effects observed 
were not due to the final injection, but were a result of the repeated 
administration* As graphically represented in Figure 1, the 2x5 
ng/kg regimen did not deviate significantly from the control group.
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TRIATMINT <MP |[ MEAN In— UAi IIW
I CONTROL 11.06*2.0
I ACUTE 10.06 ± 2.8
1 2x5 7.5-0.90
I 1x10 17.16 * 4.53
I 2x10
| 2x10/4 off 19.54*3.20
TiMi-l
The IDSO values represent the eean dost of apoaorphine required to inhibit 
tho neurons to SOX of their bsssl firing rate. This value was obtsinsd 
for osoh coll by graphic interpolation and tha Mans wort obtained for 
eaeh group* No value is presented for the 2x10 ag/kg cocaine group 
because not all cells sere Inhibited by SOX*
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T U m *  1
Doaa response curves for tha inhibition of A10 dopaaine neurons induced by 
intravenous administration of apoaorphine (APO) in tha various treatment 
groups. Xaeh point raprasants tha mean inhibition produead by aaeh doss 
of APO. Vartioal bars raprasant tha standard error of tha naan.
Astarisks raprasant values that vara significantly diffarant from control 
(p < .01).
A.Control
\<Li
aCoeaim 10mo/kg/d«y
I™ ,-
l l l iA J
*  ■
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Representative euaulative rate histograms comparing the effects of 
intravenous apoaorphine (ABO) on the activity of A10 dopaaine naurona in a 
control rat (A), a tat that received the 1x10 ag/kg/day cocaine treataent 
(B) and a rat that received the 2*10 ag/kg/day cocaine treataent (C). ABO 
was injected at times Indicated by the arrows in doses of 3, 10 and 20 
Mg/kg. In C, 40 and 80 tig/kg doses were also injected to inhibit the 
firing to a Ingres separable to that observed in A and B. In A and C, 
haloperldol (HAL, 0.08 ag/kg9 i.v.) was injected to reverse the effects of 
ABO.
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whereas both the 1x10 mg/kg and the 2x10 mg/kg regiiaens resulted in 
significant subsensitivity in response to the i.v. APO. As the dose per 
injection and dose per day increased, sensitivity to the i.v. APO 
decreased, shifting the dose response curves to the right. This indicates 
that the effect of chronic cocaine administration was dependent on dose 
parameters. The 2x10/4 off group also showed a subsensitive response 
indicating a temporal dependence. For values of the Dunnett's analyses, 
see Appendix 1. Depicted in Figure 2 are representative cumulative rate 
histograms of A10 DA neurons illustrating the subsensitive response to 
i.v. APO in the 1x10 end 2x10 treatment groups as compared to controls. 
Also shown is the ability of HAL to reverse this suppression.
ANOCOV was performed to determine whether the differences between 
groups could have been biased by the differences in mean firing rates of 
the A10 DA neurons sampled. Such a possibility exists as demonstrated by 
White and Wang (1984a) who showed that there is a significant inverse 
relationship between basal firing rate and agonist sensitivity, issults 
of the ANOCOV showed that even when the basal firing rates were removed as 
a source of variance, significant effects of chronic cocaine treatment 
were still evident (Appendix II).
To enaure that tha dacraaaad raaponaa of tha AID DA naurona to 
i.v.APO waa in fact dua to a dacraaaad aanaltlvity at tha aur.oracaptor, 
tha DA nauronal activity of tha 2x10 ag/kg ragiaan waa coayarad to 
controla. Aa ahown in Piguraa 3 and 5, chronic cocaine (2x10) cauaed a
20
Cuevas* reapeass curses illweCenCIss tbs affects of nicroiontophoretically 
applied dopaaina (BA) on A10 BA neurons recorded from control and chronic 
cocaine treat ad rats (2x10 ag/kg/day). lach point rapeaaasta the aaan 
inhibition peodueed by each current of BA (n»!0 cells/group). Vertical 
bees represent the standard error of the naans. Asterisks represent 
rallies which were significantly different Iron control values (p < .01). 
See Appendix I for Dennetts values.
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lliur* *
• H t W l M A  of tB| pitcmtag* inhibition oaussd br aiorolontophoratically 
appliad gaaaa-aainobutyrlc acid (CAIA) on A10 dopaalni (BA) neurons in 
control and chronic copalno (2x10 ag/kg/day) group*. (MBA was always 
adainistarad at a 2 nanoaapara (nA) oumnt< Btiuaa ara tba taans 
obtained froa 10 ealla in thl eocaln* group and 1 calls in tha control 
group. Vertical bars raprasont tha standard arror of tha aim. Tha** *»» 
no significant dlffaranc* batwaan tha two groups.
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A. Control
lleprasantatlva cumulative rata histograms illustrating tha affacts of 
mictoiontophoratically applied dopamine (DA) and gamma-aminobutyric acid 
(8A£A) on A10 DA naurons in a control rat and a rat traatad with tha 2x16 
m|/k|/day cocaina regimen. These two calls wars racordad with tha aama 3- 
barral gicropipet-e. Horiaontal bits indicata ejection duration and 
numbars raprasant currant in nanoampares (nA).
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significant decrease in the sensitivity of the A10 DA neurons in response 
to iontophoretic DA, F (1,30) * 39.07, p < ,01. The rate suppressant 
effect of DA in treated and control groups increased linearly with 
increasing current applied to the DA barrel resulting in a significant 
dose (current) effect, F (7,51) * 4.88, p < .01 and significant 
interaction, F(7,5i) * 9.76, p < .01 (Figure 3). The shift in the dose 
response curve is also reflected in the IC50 values; treatment group 
(74nA) compared to control group (24nA). These values were approximated 
from the current-response curves of the groups because many of the cells 
in the treatment groups were not inhibited to SOX of baseline. ANOCOV was 
unnecessary for these results because there was no significant difference, 
t(l§) • 0.26, am, between the basal firing rates of the two groups.
In contrast to the DA results, there was no significant difference 
between the two groups with respect to the degree of inhibition caused by 
iontophoretic GABA, t(15) ■ 0.48, ns. At 2nA currents of GAIA, the mean 
inhibition of the treated DA cell was 37.2 + 3.69X, as compared to that of 
the control animals at 40.0 + 4.57% (Figure 4).
It has been demonstrated previously that the basal activity of A10 DA 
neurons is dependent on the density or sensitivity of DA autoreceptors 
(IMte and Wang, 1914a)* Due to this fact, autoreceptor subsensitivity 
canned by chronic cocaine administration might be expected to increase the
firing rates of spontaneously active A10 DA neurons and activate DA
neurons which, under normal conditions, are not firing (hie to 
eutolwiliitory control (White and Wang, 1§B3). As Table 2 shows, the
Table 2
Kffecta of Tronic cocaine traata*nt (2x10 ag/kg/day) on tho maaber of 
apontaneoualy active AiO DA naurona and thair scan firing ratea. Data ara 
praaantad aa the naan* £ the atandard error of tbe Man. Aatariaka 
indioata valuaa vtiich vara aignificantly graatar than control (£-teat).
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number of spontaneously active cells was significantly greater in the 
chronic cocaine group (2x10), t(10) ■ 3.92, p < .01, as were the firing 
rates of the cells when compared to control, t(10) * 5.25, p < .01.
There appeared to he two distinct populations of cells, those with firing 
rates clustered in the range of 6*10 spikes/sec and those with firing 
rates in the range of 1*3 spikes/sec. In addition, there seemed to be a 
deficit in the number of cells with firing rates in the 3*6 spikes/sec 
range. This supports the idea that decreased inhibitory control at DA 
autoreceptors caused cells which normally fire in the 3-6 spikes/sec range 
to increase firing within the range of 6-10 spikes/sec and cells which 
normally do not fire, to fire in the 1-3 spikes/sec range.
Discussion
These experiments have demonstrated that repeated cocaine 
administration for a period of two weeks causes a significant decrease in 
the ability of i.v. APO to suppress the firing ratal of A1Q DA neurons in 
the rat. The doses of APO that eere used (5*55 ug/kg) have bail 
demonstrated to exert preferential agonist activity at the highly 
sensitive DA autoreceptors (Skirboll et a., 1979* Mite and Mg*. *9*6)* 
tlMMU thin result, support the hypothesis that the Mp>lM*retuletl«| 
soMtodendrUio U  aukarsepptor on A10 QA sells h*e«aes subseeeiUv* in 
riaponse to chronic cocalnt s4»inistration. Freewakly, this 
•uhllMitivity (result* fro* overatiwletion of the autoreceptors which 
W * M  aacur 4uril>| the blocks#* »f #A reuptake by cocaine, this decrease 
i* H h i m v i k y  * M  S f  N  e  suit affect of m tim  M m  1 eiaftL
Min ft-ti Mt n fm * mm *»*«** m
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response of A10 DA cells to i.v. \PO. Surprisingly, the 2x5mg/kg dose 
regimen did not cause a decrease in the sensitivity of A10 DA cells to 
i.v, APO suggesting that the threshold i.p. dose of cocaine required to 
cause significant overstimulation is greater than Smg/kg. Obviously, 
other dose and temporal parameters play an important role in the evolution 
of AID DA neuronal subeensitivity, Including the short half-life of 
cocaine within the CNS.
When tested 4 days following the cessation of chronic cocaine 
treatment (2x10), the A10 cells were subsensitive to APO only at the lower 
two doses (5 and 15 ug/kg). At the higher dose (35 ug/kg), there was no 
significant difference from control values. Thus, the shape of the dose- 
response curve was sharply steepened. Although we do not presently have 
an explanation for this surprising finding, it does suggest that other 
mechanisms may be involved in long-lasting alterations in sensitivity. An 
interesting possibility proposed in the current literature suggests that 
postsynaptic supersensitivity may be a result of chronic cocaine 
administration (Dackis and Gold, 1985s Homo at al, 1981). If this is 
true, then what should have been a dose of APO sufficiently low enough to 
effect only the autoreceptor may also inhibit receptors postsynaptteally* 
Since we know that postsynaptic QA receptors within the nucleus accumbens 
(NAc) and MAc-VTA feedback mechanisms are also involved in the effects of
eeeslme on A10 DA cells (linhorn and Mite, in press), thin perhaps at 
the IS Mg/kg dose of APO, postsynaptic supersenaltlvity overcomes 
ptiiynaptic tubeensltlvlty. This, however, will require further testing, 
ti support turn directly the hypothesis thst chronic cocaine causes
i>r Hfeheeaeitivitw* studies muMi sssd.
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Using this technique, it is possible to rule out mechanisms outside of the 
VTA since iontophoretic DA can only exert effects within a small localised 
area near the ejection site. These results indicated that in rats treated 
for fourteen days with the 2x10 eg/kg dose regimen, there was a 
significant subsensitivity to the inhibitory effects of DA as compared to 
control. In contrast, there was no significant difference between the 
control and treated cells in response to iontophoretic GAfiA. This 
demonstrates that the cocaine*induced subsensitivity to APO and DA occurs 
selectively at the A10 DA autoreceptor and is not merely a general 
subsensitivity to any hyperpolaricing agent.
Interestingly, the microiontophoretlcally measured decrease in A10 DA 
autoreceptor sensitivity is not as large as that measured in response 
i.v. APO. This again suggests that the DA autoreceptor may not be the 
only mechanism involved in the decreased sensitivity to APO.
Previous studies have demonstrated that a subpopulation of A10 DA 
neurons is not normally spontaneously active in chloral hydrate 
anesthetlsed rats (Chiodo and Btiimey, 1983; Wilts and Wang, 1983, 1984). 
Following the chronic administration of cocaine, there was a significant 
Increase in the numlnr of spontaneously active neurons and an increase in 
the overall mean firing rate of A10 cells. This is probably a result of 
the decrease in autoregulatory ability of the A10 DA cells. These results 
M l  similar to previous reports of chronic AH?-Induced changes in AID DA 
activity (Witts and Wang, 1984b) suggesting that autoreceptor 
subssesitlvity can result in a significant increase in the activity of Alt 
DA systems. Since such increases have been stggpMted to play a role in 
sehtsephrepta (Hetthysse, 1973; Stevens, 1973), these remits suggest that
28
autoreceptor subsensitivity nay be a contributing factor in both AMP- 
induced and cocaine-induced psychosis.
29
Adams, E.H., & Durrell, J. (1984) Cocaine: A growing public health 
problem. NIDA Research Monographs, 52, 9-14.
Aigner, T.G., & Balster, R.L. (1978) Choice behavior in rhesus monkeys: 
Cocaine versus food. Science. 201. 534-535.
Angrist, B., Lee, H.K., & Gershon, S. (1974) The antagonism of
amphetamine induced symptomatology by a neuroleptic. American 
Journal of Psychiatry, 121, 817.
Aghajanlan, G.K., A Bunn.y, B.S. (1977) Dopaatno autor.captor.i
Pharmacological characterisation by microiontophoretic and single 
unit recording .tudiaa. Nauvn-Schnaldabara'a Archly., of 
Pharmacoloay. 22I»
Antelman, S.M., & Chiodo, L.A.(1981) Dopamine autoreceptor
subsensitivity: Hechanism common to the treatment of depression end 
the induction amphetam In. psychoaia. Bloloalcal Pavchlatrr. If, 
717-727.
Baxtar, B.L., Gluekaan, N.I., & Scaml, R.A. (1976) Apoaorplilna aalf- 
lnjaction la not affactad by alpha-aathyl paratyroalna traataamt: 
Support for dopanlnarglc reward. Phvaloloav of lahaulor. A, 611- 
612.
lummy, B.S., Waltare, J.R., loth, R.H.. & Aghajanlan, G.K. (1973)
Dopaninarglc nauronai If fact of aatlpajchotlc druga and aaphetaatfitt 
on aingla call activity.
Iff. M H I l
& ~l v *VJwir - 18lillisfiw»&
Chiodo, L.A ., & Bunney, B.S. (1983) Typical and atyp ical neuroleptics:
Differential effects of chronic administration on the activity of A9 
and A10 midbrain dopaminergic neurons* Journal of esc lance, §, 
1607-1619.
Creese, I., Sibley, D.R., Mamhin, M.W., k Left, S.E. (till) Hie
classification of dopamine receptors: Relationship to radioligand 
binding. A n n f l l T  tfV.JBf M t9 « c . Ji> M1-31S.
Deckis, C.A., k Gold, H.S. (1985) Nev concepts in cocaine addiction: Hie
UtitiWIi 2 . 460-477.
Davis# W.H., 6 Smith, S.G. (1972) Aipha-methpltprosine to prevent self- 
edmiaistration ef morphine and amphetamine*
HiiItffe* 1|, IU4-819.
iivie, h.fl#> 6 Smith, S.G. (1973) Blocking effect of elphe-methyl tyrosine 
en amphetamine baaed reinforcement. Journal of Phaam i f  end
M »  1*4-111.
Diiliti I!., k Vise, ft* A. (1977) A blockade of cocaine reinforcement in 
reia vith the dopamine receptor bleeier pimoeide but not mith the 
noradreneriitt bloekers pheatolamine and phenoxybensamine. Canadian
linhern, L.C., 6 White, F.J. (in press) ilectrophysiological effects of 
*he i p o ^ m m l i m  dopamine system: Studies in the ventral
Sllinmoed, i*I*, Jr., 6 Kilbey, H.H. (1977) (Tronic stimulant intoxication 
WPisle dt psychoeis. la 1. Banin an# I. Usdia (Eds.), M ^ g
(pp*6i-74) Be* Forht Pergamen tinea#
31
Goeders, N.E., & Smith, J.E. (1983) Cortical dopaminergic involvement in 
cocaine reinforcement. Science, 221. 773-775.
Grace, A.A., & lunney, B.S. (1913) Intracellular and extracellular
electrophyaiology of nigral dopaminergic neurons * I. Identification 
and characterisation. Neuroscience. 10, 301-315.
Groves, P.11,, Wilson, C.J., Young, S.J., & Rebec, G.V. (1975) Self- 
inhibition by dopaminergic neurons. Science. 190, 522-529.
Mornykiewicz, 0. (1978) Dopamine (3 - hydroxy tyramine) and brain function.
Iversen, L.L. (190#) Accumulation of alpha-methyltyramine by the
noradrenaline uptake process in the isolated rat heart. Jauriijl if 
fharmacoloey. J§, 481-494.
kamata, K.» & Rebec, G.V. (till) Dopaminergic and nigfoitriatal neuronst 
tese dependent changes in sensitivity to amphetamine following long 
term treatment. Neuro«*>»*«ngfifttl Y 22» 1377-1382.
iiheilim, J.W., A Caine, D.B. (1979) Multiple receptors for dopamine. 
Nature (London), 177, 93-9#.
Longer, S.Z., & Enero, M.A. (1974) The potentiation of reepoemee to 
adrenergic nerve stimulation in the presence of coeeiftmf Its
relationship to the Metabolic fate of released norepinephrine.
191 . 431-443.
Lehmann, J., Briley, M., & Langer, S.Z. (1983) dheemctarieatiaii of
dopamitui autorecaptor mid 3H-spiperone binding sites is wlteo with 
claesical novel dnnamine receotor amemists. Rhimmimaii JammemA-md
32
Martes, M.P., Constantin, J., Baudry, H., Harcais, H., Protaia, P., & 
Schwarts, J.C. (1977) Long-term changes in the sensitivity of pre- 
and postsynaptic dopamine receptors in mouee striatum evidenced by 
behavioral and biochemical studies. Brain search, |3f . 319-332.
Matthysae, S, (1973) Antipsychotic drug actions: A cine to the
neuropathology of schisophrenia? Federation Proceedings. Jg, 200- 
205.
Nemo, N., Pradhan, S., & Hanbauar, 1. (1901) Cocaine-induced
supersensitivity of striatel dopamine receptors: Bolt of endogenous 
calmodulin. Neurooharmacoloav. 20, 1145-1150.
Meunier, H., k Labrie, F. (1982) The dopamine receptor in the
intermediate lobe of the rat pituitary gland is negatively coupled 
to adenylate cyclaae. Life Sciences. Jg, 963-968.
Muller, P., & Semin, P. (1979) Presynaptic subsensitivity as a possible 
basis for sensitisation by long term dopamine nineties. European 
Journal ef Pharmacology, 55, 149-157.
National Institute on Drug Abuse (1982) National household survey on 
drug abuse. National Clearinghouse for Drug Abuse Information, 
Rockville, MD.
Olds, J., & Milner, P.M. (1954) Positive reinforcement produced by 
electrical stimulation of septal araa and other regions of rat
Onali, P., Schwarts, J.P., & Costa, 1. (1911) Dopaminergic modulation of 
adenylate cyclase stimulation by vasoactive Intestinal peptide (VIP) 
in anterior pituitary.
ii» m u m *
33
Paxinos, G., k Watsen, C. (1982) The Rat Brain in Steraotaxic 
Coordinates New York: Academic Press.
Prsdhan, S., Roy, S.N., & Pradhan, S.N. (1978) Correlation of
end neurochemical effects of acute administration of cocaine ie 
ra ts . Life Sciences. gg9 1737-1744.
Risner, H.E., k Jones, B.E. (1976) Role of noradrenergic Mid dopaminergic 
processes in amphetamine self-administration. Pharmacology.
Ritchie, J.M., & Greene, N.M. (1980) Local anesthetics. In L.8. Goodman
(pp.300-320) Hew York: Macmillan Publishing Company.
Roberts, D.C.S., & Koob, 6.7, (1982) Disruption of cocaine self-
administration following 6-hydrosydopa«ina laaions of the ventral
901-904.
Roberts, D.C.S., Koob, G.F., Klonoff, P., & Fibiger, H.C. (1980)
Extinction and recovery of cocaine eelf-administration following 6- 
hydroxydopamina leeiona of tha nuclaua accimibena. Pharmacology.
Ross, S.B.» & Renyi, A.L. (1987) Inhibition of tha reuptake of trittatad 
catecholaminas by antideprassant and related agents. iHtftHt f|18fif 
of Phermacolonv. g$ 181-188.
Rosa* S.B., 8 Renyi, A.L. (1989) Inhibition of the uptajts of tritiatad 5- 
hydroxytryptamine in brain tisane.
1, 270-277.
'X - , - I. *
34
Salmoiraghi, G.C., & Weight, F, (1967) Micromethods in neuropharmacology: 
An operant approach to the study of a aesthetics. Aaesthesloloiy. 28, 
54-63.
Segal, D.S., & Janowsky, D.S. (1978) Psychostiuulant-induced behavioral 
effects: Possible nodeIs of schisophrenia. In M.A. Upton, A. 
DIMa.cio, K.F. Kill.* (Eda.) Paychopharmacoloayi A Owratlon of 
Proeress (1113-1125) New York: Plenun Press.
Skirboll, L.R., Grace, A.A., & Bunney, B.S. (1979) Dopanine auto and 
postsynaptic receptors: Electrophysiological evidence for 
differential sensitivity to dopanine agonists. Science* 206* 80-82.
Stevens, J.R. (1973) An anatony of schlsophrenia? Archives of General
Stein, L. (1962) Effects and interactions of inipraaine, chlorpromasine, 
reserpine mid anphetanine on self-stinulation: Possible 
neurophysiological basis of depression. In J. Wortis (Ed.) Recent
Stoof, J.C., & Kebabian, J.W. (1981) Opposing roles for D-l and D-2 
dopanine receptors in efflux of cyclic ANP fron rat neostriatun. 
Mature* 249* 366-368.
Taylor, D., & Ho, l.T. (1977) Meuroehenical effects of cocaine following
93-101.
Wan§, R.Y. (1981) Dopaninergic neurons in the rat ventral tegnentel urea*
tm h M n *  22* i*7-i89.
1 P.ychlatry (pp. 288-301) N*v York« Pl.nu*
Press.
acute and repeated injection. > a
I. Identification and characterlaation. . a
123*140
35
Wang, R.Y., deMontigny, C., Gold, B.I., Roth, R.H., A Aghajanian, G.K.
(1979) The development of denervation supersensitivity to serotonins 
Microiontophoretic studies. Brain Research. 171, 479-497.
White, F.J. (1985) Electrophysiological effects of cocaine in the 
mesoaccumbens and mesocortical dopamine systems. Society for
SMtEMff.lWWf, il> B38.
Whit., F.J., & Wang, R.Y. (1M3) Comparison of th. offset* of chronic 
haloperidol treatment on A9 and A10 dopamine neurons in the rat. 
U bL M m m >  32. 983-993.
White, F.J., & Wang, R.Y. (1984a) A10 dopamine neurones Role of
autoreeeptors in determining firing rate and sensitivity to dopamine 
agonist*. U f a  Scisnca*. ^4. 1161-1170.
Whits, F.J., & Wang, I.Y. (1984b) Elactrophyslologlcal avid.nca for A10 
dopamine autoremaptor subsensitivity following chronic d-amphetamine 
treatment. Brain Research. 309. 283-292.
White, F.J., A Wang, R.Y. (1984c) Pharmacological characterisation of 
dopamine autoreceptors in rat ventral tegmental areas 
Microiontophoretic studies. Journal of Fharmaeoloev and
White, F.J., A Wang, R.Y. (1986) llectrophysiological evidence for the 
existence of both D-l and 0-2 dopamine receptors in the rat nucleus 
accumbens. Journal of Neuroscience. g, 274-280.
Wise, R.A. (1984) Neural mechanisms of the reinforcing action of cocaine.
Yokel, R.A., A Wise, R.A. (1978) Amphetamine-type reinforcement by
dopaminergic agonists in the rat. Favchoaharmarn tnev. J|, 289-296.
36
Appendix I
A. Dunnett's Analyses - Comparisons between specific treatment means
and control means for i.v. APO results
Comparison - APO Dose Means Critical p
(pg/kg) X Inhibition Values
Control vs. Acute - 5 44.5 m 37.5 m 7.0 12.8 NS
10 72.1 - 68.3 m 3.8 12.8 NS
20 86.1 m 84.4 m 1.7 13.7 NS
Control vs. 2x5 - 5 44.5 m 37.4 m 7.1 12.8 NS
10 72.1 - 73.4 m 1.3 12.8 NS
20 86.1 - 84.7 m 1.4 14.1 NS
Control vs. 1x10 - 5 44.5 • 54.6 9.9 12.8 NS
10 72.1 m 54.5 17.6 12.8 .01
20 86.1 - 60.5 25.6 14.1 .01
Control vs. 2x10 * 5 44.5 • 18.6 m 25.9 12.8 .01
10 72.1 - 22.9 m 49.2 12.8 .01
20 86.1 - 37.8 m 48.3 13.3 .01
Control vs 2x10/4 - 5 44.5 - 12.1 m 32.4 13.3 .01
10 72.1 - 45.0 m 27.1 13.3 .01
20 86.1 - 73.3 m 12.8 13.7 NS
B. Dunnett's Analyses - Comparisons between specific treatment means
and control means for iontophoresis results.
Current Comparison 
(nanoamperes)
Means
X Inhibiton
Critical
Value
P
5 91.7 - 87.0 - 4.7 13.4 m
10 82.9 - 69.1 - 13.8 13.4 .05
20 72.2 - 54.6 - 15.6 13.4 .05
40 56.4 - 35.6 - 20.6 18.1 .01
80 48.7 - 29.0 - 19.7 16.5 .05
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Appendix II
ANOCOV Date for i.v. APO
Groups APO Dos*
(u«/kl)
F Values P
Control vs*
1x10 end 2x10 5 F(2,20) - 10.00 .01
10 F(4,34) - 8.50 .01
